Abstract. We give a lower bound on multiplicative orders of some elements in defined by Conway towers of finite fields of characteristic two and also formulate a condition under that these elements are primitive.
Elements with high multiplicative order are often needed in several applications that use finite fields [11] . Ideally we want to have a possibility to obtain a primitive element for any finite field. However, if we have no the factorization of the order of finite field multiplicative group, it is not known how to rich the goal. That is why one considers less ambitious question: to find an element with provable high order. It is sufficient in this case to obtain a lower bound on the order. The problem is considered both for general and special finite fields [1, 3, 7, 12, 13] .
Another less ambitious, but supposedly more important question is to find primitive elements for a class of special finite fields. A polynomial algorithm that find a primitive element in finite field of small characteristic is described in [8] . However, the algorithm relies on two unproved assumptions and is not supported by any computational example. Our paper can be considered as a step towards this direction. We give a lower bound on multiplicative order of some elements in binary recursive extensions of finite fields defined by Conway [4, 5, 14] and also formulate a condition under that these elements are primitive. q F denotes finite field with q elements. More precisely, we consider the following finite fields: 
Such construction is very attractive from point of view of applications, since one can perform operations with finite field elements recursively, and therefore effectively [9] . Lemma 1 [6 , section 1.3] . For
Lemma 2 [6 , , where l is a positive integer. Clearly a product of two numbers of the specified form is a number of the same form. Hence, the result follows.
Lemma 4. For
Proof. According to lemma 1, 
and
for k i > . Proof. We will prove this by induction on k . For 0 = k (and for 1 ≥ i ) we have the equalities (1) and (2) .
Assume the equalities (3) and (4) hold for
Show first that (3) is also true for k . Indeed, applying (5) and (2), we obtain ( )
Show now that (4) is also true for k . Really, applying (6) and (2), we obtain ( )
and m be the smallest positive integer, satisfying the condition
Proof. One can write
, and, therefore, 
Lemma 8. For
, where l is a positive integer, then
Proof. The equality (1) gives 1 1 ) ( 
be a tower of fields and
and r be the smallest positive integer with
Proof. As
. By definition of r , it is possible only for 0
From the other side, 1
, and therefore
Proof. Applying equality (3), one obtains 2 1 ) (
. Hence, the product on the right hand of equality (7) belongs to
. Then, by lemma 8, 
Proof. Applying equality (4), we have 
Lower bound on multiplicative orders of elements
We give in this section in corollary 2 a lower bound on multiplicative order of elements i c , i a and also formulate in corollary 3 a condition under that these elements are primitive. Analogously to the previous, one can show in the case of finding
According to lemma 9, ) ) (( ) ) (( (b) The proof is analogues to the previous one, using theorem 2 instead of theorem 1.
Proof. Note that Proof. . To complete the proof note that, according to equality (1) and lemma 9, ) ( ) ( ) (
Remark that, if the condition of theorem 4 is true, then one has the following chain of cyclic subgroups:
At the same time
As a consequence of theorem 4 and corollary 1, one has the following corollary. 
